Abstract. Two approaches to ice-sheet modeling are available. Analytical modeling is the 6 traditional approach (Van der Veen, 2016) . It solves the force (momentum), mass, and 7 energy balances to obtain three-dimensional solutions over time, beginning with the 8
Introduction 16
Cornelis "Kees" Van der Veen's comparison of geometric and analytic approaches to the 17 force balance in glaciology in The Cryosphere (Van der Veen, 2016) is most welcome 18 because he takes seriously my geometrical approach to the longitudinal force balance, 19 citing many of my paper from when I first introduced the concept (Hughes, 1992) to the 20 latest application (Hughes et al., 2016) . To begin, the analytic force balance is not 21 challenged by me. The geometric force balance is useful only for one-dimensional flow 22 along ice-sheet flowlines or flowbands of constant width. For two-dimensional flow in the 23 map plane, width become a variable and geometrical areas become geometrical volumes; 24 substantially increasing geometrical complexity with little advance in physical insight. The 25 analytic force balance is typically obtained by solving the Navier-Stokes equations, which 26 can be done in three dimensions and, when including the mass and energy balances, 27 becomes time-dependent. The geometrical approach is useful for understanding the force 28 balance by comparing the areas of right triangles and rectangles (or parallelograms). 29
Addressing Van der Veen (2016) 30
My interest in the force balance for ice sheets spans four decades, beginning when I used 31 glacial geology to reconstruct former ice sheets from the bottom up based on the strength 32 of ice-bed coupling deduced from glacial geology, an approach that also produced the 33 concave surface of ice streams for the first time (Denton and Hughes, 1981 , Chapters 5 and 34 6). I developed the geometric approach after observing the huge arcing transverse 35 crevasses at the head of Byrd Glacier, and realized it was actually pulling ice out of the East 36
Antarctic Ice Sheet (Hughes, 1992) . Since then it has been a work in progress. Van der Veen 37 (2016) cites earlier stages of that work (Hughes, 2003 (Hughes, , 2008 Resistance from basal drag is the area of the triangle above B. ADF. There is no surface slope in his Fig. 4(a) , a condition that applies to an unconfined 116 linear ice shelf having constant thickness (Weertman, 1957; Robin, 1958) , in which case 117 only my areas 3 and 4 in my At distance x from the ice-shelf grounding line in my all of which resist gravitational forcing equivalent to these areas. 163
My geometrical force balance is shown in Fig. 2, which is Fig. 5 
is a flotation force that requires ice-bed uncoupling by basal water. Dividing by x and 168 letting x  0 gives as the longitudinal gravitational force gradient 169
where the bed is represented by an up-down staircase with successive x steps so ice 171 thickness gradient  I equals  for ice surface slope on each step, This response gives me an opportunity to correct three mistakes in Hughes (2012a) 203 that will be apparent to careful readers. The first line in Equation (12.9) should be: 204 
248
Forces Numbered in Figure 2 for the Geometrical Force Balance. 249
Basal water pressure at x, from gravity force 3:
Ice overburden pressure at x, from gravity force (1+2+3+4):
